Background: Most patients with hepatocellular carcinoma (HCC) have underlying liver disease and a preoperative liver function evaluation is important to avoid postoperative liver failure and death. In Western guidelines, portal hypertension (PH) is listed as a contraindication for liver resection. On the other hand, the indocyanine green retention rate at 15 min (ICG R15) has been widely used in Asian countries for surgical decision making. However, these criteria are based on reports published in the 20th century that included only a small number of patients and were developed empirically. Summary: The number of published case series concerning liver resection in HCC patients with PH has been rapidly increasing since 2011, indicating that liver resection in HCC patients with PH is now routinely performed in specialized centers worldwide. Although PH certainly has an impact and should be considered as a contraindication for major liver resection, it is no longer considered to be a contraindication for minor liver resection, especially laparoscopic liver resection. In addition, new biomarkers and imaging tools to assess preoperative liver function have been extensively reported. The combination of these new factors to well-known risk factors, such as PH and ICG R15, might strengthen the ability to stratify the risk of postoperative liver failure. Key Messages: The present review covers recent topics regarding the assessment of preoperative liver function for surgical decision making in patients with HCC.
Introduction
Most patients with hepatocellular carcinoma (HCC) have underlying liver disease, which has a significant impact on postoperative short-term and long-term outcomes [1] . A preoperative liver function evaluation is important to avoid postoperative liver failure, which is defined by an increased prothrombin time-international normalized ratio and concomitant hyperbilirubinemia on or after postoperative day 5, as proposed by the International Study Group of Liver Surgery (ISGLS) [2] . In the American Association for the Study of the Liver Disease/Barcelona Clinic for Liver Cancer (AASLD/BCLC) Staging System and treatment guidelines, portal hypertension (PH) is listed as a contraindication for liver resection [3, 4] . On the other hand, the indocyanine green retention rate at 15 min (ICG R15) has been widely used in Asian countries for surgical decision making, and the treatment guidelines recommend the use of the ICG test to evaluate preoperative liver function [5, 6] . However, these criteria are based on reports published in the 20th century that included only a small number of patients and were developed empirically [7, 8] .
As a result of recent advances in surgical techniques and perioperative management, liver resection has become safer and mortality rates have decreased [9] [10] [11] [12] . Aggressive surgical resection and repeated resection for HCC has been reported to offer a survival benefit [13] [14] [15] [16] [17] . In addition, three-dimensional (3D) volumetric analysis has significantly contributed to precise surgical planning and safe hepatectomy [18] [19] [20] . These changes and the development of surgical strategies for HCC patients suggest a need for more sensitive and accurate criteria than the presence of PH or the ICG R15 value alone. To date, however, no preoperative liver function evaluation criteria for surgical decision making in patients with HCC have been established worldwide.
The present review covers recent topics regarding preoperative liver function assessment for HCC patients in terms of surgical decision making.
Child-Pugh Classification
In 1964, Child and Turcotte, two surgeons who performed portocaval shunt surgery, initially developed a classification to predict postoperative mortality [21] . Afterwards, the Child-Pugh score was first used to predict short-term and long-term outcomes in a report that was based on the data of only 38 patients who had undergone transection of the esophagus for bleeding varices [22] . Thus, neither the Child-Turcotte classification nor the Child-Pugh score were developed to predict patient outcome after liver resection. In fact, at least three factors (encephalopathy, serum bilirubin, and ascites) are normal in most surgical candidates for liver resection. Nevertheless, the Child-Pugh classification continues to be widely used in surgical decision making for liver resection. This situation is based on the fact that Child-Pugh B patients have a significantly poorer prognosis than Child-Pugh A patients with regard to both short-term and long-term outcomes [23, 24] . In most Western centers, liver resection is limited to Child-Pugh A patients [25] . Although a Child-Pugh B classification may not be an absolute contraindication for liver resection, major liver resection should be avoided in these patients, and liver transplantation should be considered whenever appropriate [24] .
Johnson et al. [26] proposed a new evidence-based objective liver function grading system based only on the serum albumin and bilirubin levels, the so-called ALBI grading system. In general, ALBI grades 1, 2, and 3 correspond to Child-Pugh A, B, and C, respectively. Recently, Wang et al. [27] reported that the ALBI grade more accurately predicts postoperative liver failure than the Child-Pugh grade. However, the Child-Pugh grade itself is a relatively rough grading system and was not intended for the prediction of liver failure after hepatectomy. Although the ALBI grade could replace the Child-Pugh grade in preoperative liver function assessments, it is certainly not sufficient to decide a surgical strategy based only on the ALBI grade in the present era [14] .
Portal Hypertension
The clinical impact of PH in postoperative clinical decompensation was first reported by Bruix et al. in 1996 [7] . The study included only 29 Child-Pugh A patients, and 23 of them (79%) underwent an anatomical resection, which was considered to be a sectionectomy or major liver resection during the era of the report. Based on these findings, the AASLD/BCLC guideline listed PH as a contraindication for liver resection [4] . Clinically relevant PH is defined as a hepatic vein pressure gradient greater than 10 mm Hg or the presence of esophageal varices or splenomegaly associated with a platelet count lower than 100 × 10 9 /L [3] . Recently, the same group reported a systematic review and meta-analysis including 11 studies examining this issue [28] . The authors found that the PH increased the risk of 3-and 5-year mortality (pooled odds ratio [OR] for 3-year mortality: 2.09; 95% confidence interval [CI]: 1.52-2.88; for 5-year mortality: 2.07; 95% CI: 1.51-2.84) and the risk of postoperative clinical decompensation (pooled OR: 3.04; 95% CI: 2.02-4.59). They concluded that although PH has to be considered a major negative prognostic factor, the presence of PH should not be regarded as an absolute contraindication for surgery [28] .
The number of published case series concerning liver resection in HCC patients with PH since 1996 is shown in Figure 1 . Original articles were searched through PubMed using the keywords "hepatocellular carcinoma" AND ["surgery" OR "hepatectomy" OR "resection"] AND "portal hypertension". Although the total number of the articles was 81, after the initial Color version available online report by Bruix et al. [7] in 1996, PH was considered to be a contraindication, and reports focusing on liver resection for patients with PH were scarce until 2010. Since 2011, however, the number of reports has increased, and recently there have been more than 10 reports annually. This result indicates that liver resection in HCC patients with PH is routinely performed in specialized centers worldwide.
Since 79% of patients underwent more than a sectionectomy in the initial report by Bruix et al. [7] , we further focused on the mortality rate and the rate of major liver resection (Table  1) . Five studies that reported the mortality rate and the extent of liver resection were identified. Capussotti et al. [29] initially reported the safety of liver resection for HCC patients with PH. In this study, the major liver resection rate (defined as three or more Couinaud's segments) was 12.1% (12/99) and the 60-day mortality rate was 11.1% (11/99). Although the authors did not discuss the relationship between major liver resection and postoperative mortality in patients with PH, the mortality rate and the major liver resection rate were quite similar. On the other hand, Ishizawa et al. [30] reported a mortality rate of 0.7% (1/136) after liver resection for HCC patients with PH, which is quite low compared with other studies [28] . Of note, only 2% (3/136) of the patients underwent a resection of no less than one sector in this report. Ruzzenente et al. [31] reported a 3-month mortality rate of 13.6% (6/44) with 18.2% (8/44) of the patients undergoing a resection larger than a segmentectomy. Boleslawski et al. [32] reported a prospective trial in which the hepatic venous pressure gradient was measured. In this study, the 90-day mortality rate was 27.8% (5/18), which was relatively high compared with those of other studies, along with a high major liver resection rate of 22.2% (4/18). In a report by Santambrogio et al. [33] , 17.5% (11/63) of patients with PH underwent a resection for 2 or more segments, with a 90-day mortality rate of 6.3% (4/63). One of the reasons for this relatively low mortality rate, compared with the major liver resection rate, may be the high rate of laparoscopic approach (41%) in this study, as this procedure is significantly less invasive than open liver resection leading to less postoperative complications, such as ascites. Although the relationship between mortality and major resection in HCC patients with PH was not reported in these studies, the major liver resection rate and mortality rate were relatively well correlated (Table 1 ). These findings are consistent with recent results reported by Citterio et al. [34] . Through a single-center, retrospective study that included 543 HCC patients with chronic liver disease, the authors found that major liver resection in patients with PH was associated with a significant risk of postoperative liver decompensation (60%) and liverrelated mortality (25%).
Based on these results, the most recent European Association for the Study of the Liver (EASL) guidelines do not consider PH to be a contraindication for minor liver resection [35] . [30] 3 (2%) 64 (26%) 1 (0.7%) 0 (0%) na Ruzzenente, 2011 (n = 135) [31] 8 (18%) 23 (25%) 2 (4.6%) 1 (1.1%) 6 (14%) 3 (3.3%) Boleslawski, 2012 (n = 40) [32] 4 (22%)* 5 (23%)* 4 (22%) 1 (4.5%) 5 (28%) 1 (4.5%) Santambrogio, 2013 (n = 223) [33] 11 (17%) 50 (31%) 1 (0.5%) 0 (0%) 4 (6%) 3 (2%) * Three or more segments. § 60-day mortality. PH, portal hypertension; na, not available.
Indocyanine Green Retention Rate
A surgical decision making algorithm based on ICG R15 was first reported in the English literature by Makuuchi et al. in 1993 ( Fig. 2a) [1, 8] . Since then, this algorithm has become widely used in Japan; nowadays, many Asian countries routinely use ICG R15 for preoperative liver function assessments, and the Japanese guidelines recommend the use of ICG R15 [5] .
Although this algorithm has certainly contributed to a reduction in operative mortality in Japan [9] , 3D volumetric analysis using contrast-enhanced computed tomography images to measure total liver volume (TLV), which excludes tumor and intrahepatic blood volume, was not routinely performed before liver resection when the algorithm was initially reported [20] . Therefore, the initial algorithm did not include the percentage of the remnant liver volume and the TLV ratio (RLV/TLV). Since portal vein embolization (PVE) is indicated for patients who are estimated to have an insufficient RLV/TLV, this parameter can be considered as a cut-off value. Kubota et al. [36] reported that PVE is indicated if the RLV/TLV is less than 40% in patients with normal liver and less than 50% in those with an ICG R15 value between 10-20%. In the Western literature, Clavien et al. [37] proposed that an ICG R15 of less than 14% is the limit for major hepatectomy (RLV/TLV < 50%) without PVE in patients with cirrhosis.
Recently Lisotti et al. [38] reported a prospective trial showing that the ICG R15 was correlated with PH and esophageal varices in patients with compensated liver cirrhosis. Similar to this result, in our previous study including 1,488 Child-Pugh A HCC patients, patients with PH had a significantly higher ICG R15 value than patients without clinically significant PH (17.7% vs. 12.3%, p < 0.0001) [39] . Thus, the presence of PH is considered to reflect a poor ICG R15 value; however, the ICG R15 is a continuous, quantitative value and should be a more useful tool than PH for deciding the extent of major liver resection. Recently, we proposed a new model, based on long-term patient survival, called the Albumin-Indocyanine Green Evaluation (ALICE) grading system, as an evaluation tool to assess the preoperative liver functional reserve of patients undergoing hepatectomy for HCC. This score was calculated using the preoperative value of the serum albumin level and ICG R15 [39] . This new model assigned Child-Pugh A patients to ALICE grade 1 (29%), grade 2 (66%), and grade 3 (5%) and Child-Pugh B patients to grade 1 (1%), grade 2 (61%), and grade 3 (38%), respectively. This new system clearly stratified the postoperative risk in Child-Pugh A patients into three risk categories and was superior to PH.
However, major liver resection and PH continue to be strong risk factors for postoperative liver failure, consistent with the results published by Citterio et al. [34] . Based on these results, we developed a new surgical decision-making algorithm based on the ALICE grade and PH, as shown in Figure 2b [40] . Since the presence or absence of PH itself is not sufficiently useful to decide the extent of liver resection, a strategy that adds ICG R15 may represent a better and more effective set of criteria also for Western patients as well.
Model for End-Stage Liver Disease (MELD) Score
The MELD score was first reported to predict early death following an elective transjugular intrahepatic portosystemic shunt [41] . Now, it is widely used to decide whether liver transplantation is indicated. Several studies have suggested that the MELD score might be useful for predicting postoperative liver failure after hepatectomy for patients with HCC. Teh et al. [42] initially reported that a MELD score ≥9 was a significant risk factor for postoperative mortality. Citterio et al. [34] reported that a combination of PH and MELD score was useful for predicting postoperative liver failure. Although the MELD score is a continuous variable and a cut-off value for liver resection could be selected independently, the original formula was developed for patients with extremely poor liver function in whom liver resection is not indicated [41] . Therefore, the usefulness of this scoring system for predicting postoperative liver failure might be limited.
Other New Blood Chemistry Tests
Other than the previously mentioned, widely used liver function assessment tools, Ichikawa et al. [43] reported a simple index using only the serum aspartate aminotransferase activity/ platelet count ratio that independently predicted hepatic failure following liver resection for HCC in a retrospective analysis of 366 patients. Another index in which age and alanine aminotransferase were added as parameters, the so-called Fibrosis index based on four factors (FIB-4), was reported to be a useful fibrosis marker for predicting postoperative liver failure in a singlecenter, retrospective study of 338 patients [44] . Donadon et al. [45] also reported a retrospective study of 336 patients and developed a very simple index involving only bilirubin and cholinesterases to identify patients who were potentially at risk for postoperative complications. The type IV collagen 7s domain, known to be a biochemical marker for assessing fibrosis in cirrhosis, was also reported to be correlated independently with hepatic failure following liver resection in a retrospective study of 251 HCC patients [46] . Mac-2 binding protein glycosylation isomer (M2BPGi) has recently become a well-known predictor for hepatic decompensation and HCC development in patients with chronic liver diseases, and it has also been reported to be useful for predicting postoperative liver failure in HCC patients [47] . All these liver function assessment tools can be easily measured using blood chemistry tests; however, the evidence is limited to relatively small, single-center, retrospective case series, and future validation is essential.
Imaging Studies
Other than blood chemistry tests, the use of clinical images such as elastography, scintigraphy, and magnetic resonance imaging has been reported. Elastography is now widely used as a noninvasive fibrosis assessment tool in place of liver biopsy. Indeed, in the Western literature, although the included numbers of patients have been relatively small, transient elastography measured using Fibroscan has been reported to be useful for predicting postoperative liver failure [48] . The predictive ability of liver single-photon emission computed tomography (SPECT) with technetium 99m-diethylenetriamine-pentaacetic acid-galactosyl human serum albumin (99mTc-GSA) has been extensively reported from Japan [49] . On the other hand, 99mTc-labeled mebrofenin hepatobiliary scintigraphy has been reported in the Western literature [50] . The superiority of these imaging studies is that they can be used to evaluate the liver function of the future remnant liver. Thus, they have been suggested to be useful in patients who have undergone PVE or associating liver partition and portal vein ligation (ALPPS) [50] . Similar to scintigraphy, enhancement with a hepatocyte-specific contrast agent (Gd-EOB-DTPA) has been reported to provide not only information on the liver tumor, but also combined anatomical and quantitative liver functional information. Recently, in a single-center, retrospective study of 115 patients, Chuang et al. [51] reported that the remnant contrast enhancement ratio measured using Gd-EOB-DPTA magnetic resonance imaging strongly predicted postoperative liver failure. Although accumulating evidence of the usefulness of imaging studies as liver function assessment tools have been reported, the results are still too controversial for these modalities to be recommended as routine examinations in clinical practice.
Conclusions
The present article overviewed the reported liver function assessment tools used for surgical decision making in patients with HCC. PH certainly has an impact and should be considered as a contraindication for major liver resection; however, it is not an absolute
